The effects of grain size and second phase on moisture-induced embrittlement of L1 2 -type Co 3 Ti and Ni 3 (Si, Ti) alloys were investigated by tensile test in air and vacuum as functions of strain rate and temperature, in combination with microstructural and fractographic observation. In both the intermetallic alloys, brittle-ductile transition (BDT) strain rate defined from an elongation vs. strain rate curve decreased with decreasing grain size, meaning that fine-grained microstructure has the effect of reducing the moisture-induced embrittlement. Also, it was found that dispersion of Co solid solution phase and Nb-containing second phase has the effect of reducing moisture-induced embrittlement of the Co 3 Ti and the Ni 3 (Si, Ti)-Nb alloys, respectively, when their second phases are incoherent with the L1 2 matrix. Contrarily, finely precipitated Co solid solution phase that is coherent with the L1 2 matrix has the effect of enhancing moisture-induced embrittlement of the Co 3 Ti alloys. Mechanisms responsible for the microstructural effect on the moisture-induced embrittlement of the L1 2 intermetallic alloys were presented and discussed.
Introduction
Moisture-induced embrittlement, that occurs in air at ambient temperature and results in reduction of tensile ductility and strength, has been widely observed for many intermetallic compounds, for example, L1 2 -type Co 3 Ti, 1) Ni 3 Al 2) and Ni 3 (Si, Ti), 3, 4) B2-type FeAl 5) and CoTi, 6 ) D0 3 -type Fe 3 Al 7) and L10-type g-TiAl base alloys. [8] [9] [10] [11] [12] Moisture-induced embrittlement of L1 2 -type intermetallic alloys has been considered to be caused by hydrogen released from moisture in air, 13) and to involve micro-processes such as generation of hydrogen by decomposition of moisture on the alloy surface, absorption of hydrogen into the alloy, migration and condensation of hydrogen at grain boundaries in front of a propagating micro crack introduced from alloy surface during deformation. [14] [15] [16] Eventually, grain boundary cohesion and associated plastic work are reduced by stress field arising in front of a propagating micro crack due to hydrogen condensation, and consequently intergranular fracture occurs, resulting in low ductility. Moisture-induced embrittlement of L1 2 -type intermetallic alloys as well as the other intermetallic alloys is largely dependent on extrinsic factors such as atmosphere, strain rate and temperature because these factors affect the kinetic processes of hydrogen. [14] [15] [16] On the other hand, recent studies reveal that the moisture-induced embrittlement of the L1 2 -type intermetallic alloys is also dependent on intrinsic factors (i.e., material factors) such as microstructure and alloy composition. Regarding the effect of alloy composition, [14] [15] [16] it has been shown that stoichiometry, constituent element, ternary element and adding elements (such as substitutional and interstitial atoms) strongly affect the moisture-induced embrittlement of L1 2 -type intermetallic alloys. In particular, some elements such as substitutional and interstitial solutes are known to be strongly effective in reducing moisture-induced embrittlement of the L1 2 -type Ni 3 (Si, Ti) 3, [17] [18] [19] [20] and Co 3 Ti alloys. 21, 22) It has also been shown that microstructure substantially affects the moisture-induced embrittlement of the L1 2 -type intermetallic alloys. For instances, pre-straining, 23) deformation zone introduced by shot-peening, 24) and the presence of second phase 25) are effective in reducing moistureinduced embrittlement of L1 2 -type Ni 3 (Si, Ti) intermetallic alloys. Furthermore, it is anticipated that grain size, which is a very important microstructural parameter, also affects the moisture-induced embrittlement of L1 2 -type intermetallic alloys. However, there has been no systematic investigation about this subject as far as the present author knows.
In this review article, the author's recent studies regarding microstructural effect such as grain size and second phase on moisture-induced embrittlement of the L1 2 -type Co 3 Ti and Ni 3 (Si, Ti)-Nb alloys are summarized and discussed. The embrittlement was evaluated by tensile test in air and vacuum as functions of strain rate and temperature. To exclude unfavorable defects such as porosities or precracks from the specimens and to obtain reliable mechanical data, all the alloys and specimens used in these studies were fabricated by a thermo-mechanical process, i.e., rolling and subsequent annealing. By adopting different annealing temperature and time, recrystallized microstruc-tures with various grain sizes were prepared in the two L1 2 -type intermetallic alloys. As second phases having the effect of suppression in the moisture-induced embrittlement, Co solid solution phase and Nb-containing second phase were dispersed in the L1 2 -type Co 3 Ti and Ni 3 (Si, Ti)-Nb alloys, respectively. In the Co 3 Ti alloys, precipitated or solidified second phases of Co solid solution that had various sizes, morphology and interfacial structure were prepared by adopting different aging temperature and time. Figure 1 shows changes in tensile elongation, ultimate tensile stress (UTS) and yield stress with strain rate for the Co-22at%Ti alloy whose microstructure is typically shown in Fig. 2 . All the data were taken at room temperature (298 K). In Fig. 1 , the data obtained in vacuum were also included. Yield stress increases with decreasing grain size; the Co-22at%Ti alloy with the smallest grain size (3.4 mm) exhibits yield stress of about 380 MPa, while the alloy with the largest grain size (18.0 mm) exhibits yield stress of about 170 MPa. Also, it is apparent that the yield stress of the alloy is basically insensitive to strain rate as well as testing atmosphere.
The Effect of Grain
In the case of deformation in air, tensile elongation is generally high (ca., 70 %), and independent of strain rate as well as grain size in a high strain rate region (Ͼ10 Ϫ2 s ), tensile elongation more or less tends to increase with further decreasing strain rate, depending on the grain size. As a result, a curve of minimum in the tensile elongation vs. strain rate is observed in the strain rate region between 10 Ϫ5 s Ϫ1 and 10 Ϫ4 s
Ϫ1

. The level of the minimum value in the tensile elongation is also dependent on the grain size, and increases with decreasing grain size; the minimum tensile elongations are 13 % and 38 % for the alloy with grain sizes of 18.0 mm and 3.4 mm, respectively. In the case of deformation in vacuum, tensile elongation is high (70 %) and assumed to be basically independent of the strain rate as well as the grain size. These values are almost identical to the values obtained in air and at the higher strain rate than that for the upper DBT. UTS behaved in a similar manner to the tensile elongation, as shown in Fig.  1(b) .
SEM fractograph closely correlated with the result of tensile elongation (or UTS). As tensile elongation decreases, intergranular fracture becomes more dominant. Thus, intergranular fracture mode dominated in the low strain rate region below the strain rate for the upper DBT, while transgranular fracture mode dominated at the higher strain rate beyond that for the upper DBT. mm) deformed at 298 K. At a strain rate of 3.6ϫ10 Ϫ2 s
(beyond that for the upper DBT), the fractograph showed ductile transgranular fracture mode with dimple patterns (Fig. 3(a) ). As strain rate decreases (below that for the upper DBT), intergranular fracture patterns began to increase ( Fig. 3(b) ). At a strain rate of 1.2ϫ10 Ϫ5 s
, intergranular fracture mode largely dominated in the fractography (Fig. 3(c) ). As grain size decreases, ductile transgranular fracture mode was observed to expand toward a lower strain rate. Figure 4 shows changes in tensile elongation, UTS and yield strength with strain rate for the Ni 3 (Si, Ti) alloy with different grain sizes. Here, the data obtained from tensile test in vacuum at a strain rate of 1.6ϫ10 Ϫ4 s Ϫ1 are denoted by filled marks. It is apparent that yield strength of the Ni 3 (Si, Ti) alloy is primarily insensitive to strain rate irrespective of grain size and temperature. Yield strength is also independent of testing atmosphere. At both of room temperature and 423 K, yield strength of the specimens increases with decreasing grain size. However, for the specimens with an identical grain size, yield strength of the specimen deformed at 423 K shows a higher value than that of the specimen deformed at room temperature. This result reflects the fact that the Ni 3 (Si, Ti) alloy exhibits the positive temperature dependence of yield strength. 31) Tensile elongations measured in vacuum are approximately 35 % irrespective of grain size and have been reported to be independent of strain rate. 18) In the case of deformation in air, tensile elongations of the specimens, which are not environmentally embrittled, are almost the same as that of the specimens deformed in vacuum. At room temperature, tensile elongation rapidly decreases with decreasing strain rate in the strain rate region between 10 Ϫ4 and 10 Ϫ2 s
. The upper DBT of the specimen with the largest grain size (125 mm) takes place at a higher strain rate than the upper DBTs of the specimens with grain sizes of 24 and 90 mm. Below a strain rate of about 10 Ϫ4 s
, elongation remains low and is primarily insensitive to strain rate, irrespective of grain size.
For the specimens deformed at 423 K, the upper DBTs take place at lower strain rates by one or two orders than those for the specimens deformed at room temperature, and are obviously dependent on grain size. At 423 K, the upper DBT of the specimen with a grain size of 24 and 90 mm takes place at 10 Ϫ4 and 10 Ϫ3 s
, respectively. Tensile elongation of the specimen with a grain size of 90 mm still decreases until reaching 10 Ϫ7 s Ϫ1 and then reduces to the same level of the specimens deformed at room temperature. On the other hand, tensile elongation of the specimen with a grain size of 24 mm begins to decrease at about 10 Ϫ4 s Ϫ1 , and shows a minimum at about 10 Ϫ6 s
, accompanied by a slight increase with further decreasing strain rate. UTS behaved in a similar manner to the tensile elongation, with regard to the effects of grain size and temperature, as shown in Fig. 4(b) .
As has been observed in the Co 3 Ti alloys, fracture mode of the Ni 3 (Si, Ti) alloy deformed in air generally shows transgranular ductile fracture in a high strain rate region and intergranular brittle fracture in a low strain rate region. As an example, Fig. 5 shows fractographs of the Ni 3 (Si, Ti) alloy with a grain size of 90 mm deformed at room temperature. At a strain rate of 1.6ϫ10
Ϫ2 s Ϫ1 where the tensile elongation is high, the fracture surface shows transgranular fracture mode with dimple patterns. At a strain rate of 1.6ϫ10
Ϫ7 s Ϫ1 where the tensile elongation is very low, the fracture surface shows intergranular fracture. In an intermediate strain rate region (10 Ϫ2 -10 Ϫ3 s Ϫ1 ), a mixture mode of transgranular and intergranular fracture is observed. A similar change of fracture mode with strain rate is observed for the specimens deformed at 423 K. Thus, the observed SEM fractographs are consistent with the results of tensile elongation (and UTS) shown in Fig. 4 . Also, it is evident that as grain size decreases (or as temperature increases), ductile transgranular fracture mode expanded toward the lower strain rate regions, as recognized in the Co 3 Ti alloys.
Mechanisms Responsible for the Effect of Grain
Size The moisture-induced embrittlement of the Co 3 Ti alloy as well as the Ni 3 (Si, Ti) alloy strongly depends on strain rate. Tensile elongation (or UTS) generally decreases with decreasing strain rate. It has been suggested that the moisture-induced embrittlement of L1 2 intermetallic alloys is induced by hydrogen decomposed from moisture on the alloy surface (or freshly exposed grain boundaries) and subsequent micro-processes mentioned in the Introduction. [14] [15] [16] When applied strain rate is slow, absorbed hydrogen has time enough to migrate and arrive at grain boundary in front of a propagating intergranular micro crack, and results in intergranular embrittlement.
Fine-grained microstructure contains large area of grain boundary and is therefore assumed to reduce the concentration of hydrogen atom on grain boundary planes, as schematically shown in Fig. 6 , if the amount of hydrogen absorbed into materials is identical between two microstructures. 27, 28, 30) This assumption is based on an idea that the absorbed hydrogen is introduced by the reaction, 2H 2 OϩTi(or Si) → 4HϩTiO 2 (or SiO 2 ) on the alloy surface, and therefore the amount of the absorbed hydrogen is dependent on alloy chemistry (i.e. alloy composition) but independent of microstructure. It has also been suggested that fine-grained microstructure has the effect of reducing sweeping length of dislocations in grain interior during deformation, by which hydrogen atoms collected and then provided to grain boundaries are reduced. 27, 28, 30) There may be other mechanism responsible for the grain size effect on the moisture-induced embrittlement. 30) In general, deformation behavior in coarse-grained microstructure is inhomogeneous and large stress concentration takes place at grain boundary, while deformation behavior in fine-grained microstructure is homogeneous and stress concentration is not so much high at grain boundary. A large stress field at grain boundary arising from inhomogeneous deformation in coarse-grained microstructure may have the effect of reducing the critical hydrogen concentration at grain boundary. 32) By these mechanisms or either of them, hydrogen atoms reaching or residing in grain boundary facets are assumed to decrease or not to exceed the critical hydrogen concentration at grain boundary, 32) above which intergranular fracture takes place. Consequently, intergranular fracture is suppressed in fine-grained microstructure, resulting in increased tensile ductility. In other words, longer deformation time, i.e., deformation at slower strain rate is permitted to result in the high ductility by fine-grained microstructure than by coarse-grained microstructure. Here, it should be emphasized that grain refinement is a useful metallurgical method to reduce the environmental embrittlement of L1 2 -type intermetallic alloys.
Regarding the anomalous increase in tensile elongation in air that took place at very low strain rates and also at high temperatures, it is suggested that a process counteracting the embrittlement, i.e., oxidation reaction and oxide production on alloy surface occurred and thereby protected the absorption of hydrogen from humid air. 27, 28, 30) 
The Effect of Second Phase on Moisture-induced Embrittlement
Co 3 Ti Alloys
33)
The Co-rich Co 3 Ti alloys whose nominal compositions were located exceeding a solubility limit of L1 2 phase against Co solid solution (fcc) were investigated (see Fig.  7 ). Co solid solution is solidified directly from liquid phase or precipitated in solid state from L1 2 matrix by aging at 923 K-1 023 K. Figure 8 shows TEM micrographs of the Co-20at%Ti alloy aged at 923 K for 2.6ϫ10 5 s and 2.6ϫ 10 6 s. In the almost peak aged condition defined by yield stress (or UTS) (2.6ϫ10 5 s), fine platelet-shaped precipitates along {001} plane can be recognized, accompanied by a pair of contrast, indicating that the interface between L1 2 matrix and precipitate is coherent and involves relatively large compressive elastic strain field in the neighboring matrix. In the over-aged condition (2.6ϫ10 6 s), platelet-shaped precipitates lie in parallel to nearly {001} planes of L1 2 matrix and lose their elastic strain fields, meaning incoherent interfacial structure. On the other hand, more Co-rich Co19at%Ti alloy contains coarse Co solid solution already ex- isted before aging treatment. Such large size Co solid solution phase is solidified from liquid phase (see Fig. 7 ), and heterogeneously dispersed as large particles (1-10 mm) in spite of repeated rolling and annealing (solution treatment), as shown in Fig. 9 .
Tensile data of the Co-20at%Ti alloy aged at 923 K and 1 023 K are plotted in Fig. 10 as a function of aging time. The aging at 1 023 K results in earlier and smaller increase of yield stress than the aging at 923 K. The yield stress is insensitive to testing environment irrespective of aging temperature and time. It is evident that elongation as well as UTS of the specimens deformed in vacuum is consistently high, irrespective of aging temperature. For aging at 923 K, elongation both in vacuum and air follows the same trend with aging time, suggesting that elongation intrinsically changes by the aging at 923 K. On the other hand, for aging at 1 023 K, elongation in vacuum is primarily insensitive to the aging time. However, in the solution treated and aged conditions, elongation and UTS of the specimens deformed in air are apparently lower than those deformed in vacuum. As the aging time increases, elongation and UTS of the specimens deformed in air show further decrease, and then result in minima at intermediate time, followed by remarkable increase at sufficiently prolonged aging time. Here, it is interesting to note that the minimum and subsequent recovery of elongation and UTS of the specimen aged at 1 023 K occur at earlier time than those aged at 923 K. Thus, the moisture-induced embrittlement of the Co20at%Ti alloy is most significant at intermediate aging time and then tends to disappear at longer aging time.
Tensile data of the Co-19at%Ti alloy aged at 923 K and 1 023 K are plotted in Fig. 11 as a function of aging time. In the solution treated condition, tensile elongation and UTS are very high and are not degraded in air, in contrast to the Co-20at%Ti alloy. Aging treatment, i.e., precipitation of Co solid solution phase in the Co-19at%Ti alloy results in similar behavior to the Co-20at%Ti alloy: when the specimen is aged at 923 K, elongation and UTS of the specimen deformed in air rapidly decrease, and then result in deep minima at about 2ϫ10 5 s, followed by substantial increase at a sufficiently prolonged aging time.
Elongation (as well as UTS) of the aged specimens deformed in air much more decreases, but minimum elongation (or UTS) becomes higher as Ti content in the Co 3 Ti alloy decreases and also as the aging temperature decreases. This behavior may be associated with the amount of the over-saturation of Co; as the amount of the over-saturation increases, the density and volume fraction of the precipitated Co solid solution phase that accompanies coherent interface and elastic strain field increase, and consequently the moisture-induced embrittlement is more enhanced.
Regarding the moisture-induced embrittlement of the Co-rich Co 3 Ti alloys, it is thus concluded that large primary Co solid solution solidified from liquid phase is beneficial, while fine Co solid solution precipitated in solid state from L1 2 matrix is harmful when it is coherent and accompanied with its elastic strain field, or contrarily beneficial when it is incoherent and loses its elastic strain field.
Ni 3 (Si, Ti) Alloys
25,34,35)
The effect of second phase dispersions in the L1 2 matrix . Also, note that "As-S.T." means as-solution treated condition. on the moisture-induced embrittlement of the Ni 3 (Si, Ti) alloys was searched. 25) Among the examined second phase dispersions, Nb-containing dispersion was shown to be effective in reducing the moisture-induced embrittlement of the Ni 3 (Si, Ti) alloy. Accordingly, careful microstructural characterization was performed on the Nb-added Ni 3 (Si, Ti) alloys. 34, 35) Figure 12 shows microstructures of the 4 at% Nb-added Ni 3 (Si, Ti) alloy annealed at 1 273 K and 1 323 K. Morphologically, two types of second phase dispersions are observed; one is irregularly shaped dispersion and determined to be the D8 a -phase (with a composition of Ni 16 Si 6 (Ti, Nb) 7 ), while the other is large and round dispersion and determined to be the D0 a -phase (with a composition of Ni 3 Nb). The volume fraction of the former type (i.e., the D8 a -phase dispersions) is smaller than that of the latter type. In annealing at 1 323 K, in addition to the two types of the second phase dispersions, eutectic area consisting of L1 2 phase and fcc Ni solid solution is contained, as shown in Fig. 12(b) . Here, the morphological feature for these second-phase dispersions reveals that the interfacial structure of these second-phase dispersions is incoherent with the L1 2 matrix, except for that of fcc Ni solid solution. Figure 13 shows changes in tensile elongation, UTS and yield stress with strain rate for the 4 at% Nb-added Ni 3 (Si, Ti) alloy that is annealed at the two different temperatures and then deformed in air. The data for Ni 3 (Si, Ti) without Nb are also included in this figure for reference. Yield stress of the 4at%Nb-added Ni 3 (Si, Ti) alloys is insensitive to strain rate, and substantially higher than that of Ni 3 (Si, Ti) without Nb. However, yield stress of the 4 at% Nbadded Ni 3 (Si, Ti) alloy annealed at 1 323 K is slightly lower than that of the 4 at% Nb-added Ni 3 (Si, Ti) alloy annealed at 1 273 K. The reason may be that the former alloy had larger L1 2 grains than the latter alloy, and also contained duplex microstructure consisting of L1 2 phase and soft Ni solid solution. 35) Tensile elongation and UTS of the 4 at% Nb-added Ni 3 (Si, Ti) alloys strongly depend upon microstructure as well as strain rate, as shown in Figs. 13(a) and 13(b) , respectively. It is evident from these figures that the moistureinduced embrittlement becomes weaker in the following order, Ni 3 . Also, note that "As-S.T." means as-solution treated condition. dispersions and Ni solid solution (fcc)) is preferable to reduce the moisture-induced embrittlement compared with the three-phase microstructure (consisting of L1 2 phase, D8 a -type dispersion and D0 a -type dispersion). SEM fractographs of the specimens (i.e., the 2 at% Nbadded Ni 3 (Si, Ti) and Ni 3 (Si, Ti) without Nb) deformed at a strain rate beyond that showing the DBT exhibit dimpled transgranular fracture patterns, while SEM fractographs of the specimens deformed at a strain rate below that showing the DBT exhibit mixture mode of intergranular and transgranular fracture patterns. For the 4 at% Nb-added Ni 3 (Si, Ti) alloy annealed at 1 323 K, SEM fractograph is independent of strain rate, and shows dimpled transgranular fracture patterns accompanied with intergranular fracture patterns in a very small portion. Second phase dispersions are occasionally found on the bottom of dimpled patterns.
Mechanisms Responsible for the Effect of Second
Phase In the moisture-induced embrittlement of both the Co 3 Ti and the Ni 3 (Si, Ti)-Nb alloys, it is commonly found that second phase is beneficial when it is large and incoherent with L1 2 matrix even though they are solidified from liquid phase or precipitated in solid state, while second phase is harmful when it is fine and coherent with L1 2 matrix.
TEM and SEM observation for the large second phases that are incoherent with L1 2 matrix suggests that the interface planes between the two phases can be highly effective trap sites of hydrogen because of incoherent structure (i.e., large atomic free volume), as shown in Fig. 14 . In those cases, hydrogen would be consequently depleted on the grain boundaries of L1 2 matrix, resulting in the effect of suppressing intergranular fracture. Also, there may be other possibility; hydrogen could be trapped in the deformation zone formed around second phase (particles) during deformation, as shown in Fig. 14 . It is known that deformation zones are formed around large particles with a size of more than 1 mm. 36) In such a deformation zone, high density of dislocations (and vacancies) is introduced by heavy plastic deformation. The earlier studies 23, 24) also demonstrate that dislocations or vacancies introduced by pre-deformation 23) or shot-peening 24) have the effect of reducing moisture-induced embrittlement of the Ni 3 (Si, Ti) alloy through efficiently absorbing hydrogen from L1 2 matrix. However, whatever second phase dispersions are incoherent with L1 2 matrix do not have the beneficial effect on moisture-induced embrittlement of the L1 2 intermetallic alloys. 25) For examples, the D0 a -phase (with a composition of Ni 3 Nb), the D0 19 -phase (with a composition of Ni 3 Zr) and the BaPb 3 -type phase (with a composition of Ni 3 Hf) dispersions were ineffective in reducing the moisture-induced embrittlement of the Ni 3 (Si, Ti) alloy. 25) More detailed studies for roles of interfacial structure and second phase itself in the trap sites of hydrogen atoms are required.
Regarding the effect of finely precipitated Co solid solution phase on the moisture-induced embrittlement of the Co 3 Ti alloys, TEM observation for the peak aged Co 3 Ti alloy showed that the interface between L1 2 matrix and fine precipitate is coherent, accompanied with relatively strong compressive elastic strain field in the L1 2 matrix. Therefore, hydrogen appears to be less trapped on the interface between L1 2 matrix and fine precipitate because of small atomic free volume at the interface, and also to be repulsed from the region adjoining to the precipitate due to the compressive elastic field. As a result, rejected hydrogen is alternatively trapped on the grain boundaries of L1 2 matrix, resulting in intergranular fracture.
Summary
The microstructural effect such as grain size and second phase on the moisture-induced embrittlement of the L1 2 -type Co 3 Ti and Ni 3 (Si, Ti) alloys was evaluated by tensile test, in combination with microstructural and fractographic observation. In both the intermetallic alloys, brittle-ductile transition (BDT) strain rate defined from elongation vs. strain rate curve decreased with decreasing grain size, meaning that fine-grained microstructure had the effect of reducing the moisture-induced embrittlement. Also, it was found that Nb-containing second phase dispersion and Co solid solution phase have the effect of reducing moistureinduced embrittlement of the Ni 3 (Si, Ti) and the Co 3 Ti alloys, respectively, when their second phases are incoherent with L1 2 matrix. These results suggest that the hydrogen absorbed from environment interacts in different way with grain boundaries of L1 2 matrix, second phase and the interfaces between L1 2 matrix and second phase, and consequently leads to different degree of moisture-induced embrittlement, depending on microstructure.
A number of previous studies reported that the moistureinduced embrittlement of most intermetallic alloys could be amended or reduced by alloying method. However, in most cases, to reserve preferable chemical and mechanical properties of the intermetallic alloys, alloy composition cannot be so largely modified. From the technological point of view, microstructural control is alternatively important method to suppress the moisture-induced embrittlement of intermetallic alloys. Harmful action of hydrogen once absorbed into material interior from environment could be inhibited by microstructural control. Lastly, it is noted that direct observation technique for determining behavior and property of hydrogen in various microstructures using e.g., thermal desorption spectroscopy (TDS) and secondary ion mass spectroscopy (SIMS) is required to understand the atomistic mechanisms responsible for moisture-induced embrittlement of many intermetallic compounds including L1 2 intermetallic alloys.
